INTRODUCTION
In the food industry, to produce a safe and wholesome product, the most important factors are the cleanliness and sterility of the food-processing equipment. Cleaning and sterilization are complementary processes and they are performed as separate and combined operations. In general, cleaning should precede the sterilizing operation since it is far easier to sterilize clean surfaces than soiled surfaces.
Chlorine has been widely used as a reliable disinfectant or bleaching agent in food industry settings and hospital, health-care and potable water treatment facilities (Clegg, 1962; Rutala and Weber, 1997) . Sodium hypochlorite(NaOCI)is a more convenient material to use because it is an aqueous product and relatively stable in its concentrated and diluted forms.
In aqueous solution, NaOCI exhibits a dynamic balance as shown by the following: et al., 1993) , lipids (Spickett et al., 2000) , and DNA (Prutz, 1998) 
Kinetic analysis
To analyze the nonlinear curve characterizing the removal of BSA or pectin, the concept that two firstorder reactions occur independently and simultaneously during the cleaning process was used (Urano and Fukuzaki, 2002) . In this study, we assumed that one first-order reaction proceeds by the action of OH-(Eq. 3a) andethe other by the action of HOCl/ OCl-(Eq. 3b):
(3a) Analyses BSA and pectin dissolved in solution or remaining on Al2O3 particles were determined using a total organic carbon analyzer described previously (Takahashi et al. 2003) . Variation in the molecular weights of BSA and pectin after cleaning was measured by size-exclusion high-performance liquid chromatography as described previously .
RESULTS

Batch cleaning system
The efficiency of BSA removal from Al2O3 particles was measured in the presence and absence of NaOCl at different pH values during batch cleaning. In the cleaning without NaOCl, i. e., with dilute HCl or NaOH solutions alone, the efficiency of BSA removal was less than 10% in the pH range of 1.5 to 10.8, whereas it increased markedly at pHs above 11 (Fig. 1A) . No significant amount of BSA was removed in the pH range of 1.5 to 6.5 even in the presence of sufficient NaOCl. At pHs above 6.5, the efficacy of NaOCl became greater with increasing pH and it depended on the AC concentration. This suggests that a certain concentration of OH-is required for the appearance of the cleaning action of NaOCl. To clarify the action of NaOCl, we put aside the data obtained but above which it increased considerably with increasing pH( Fig.2A) .
In the cleaning with NaOCl, large fractions of pectin were removed even when using a low-pH NaOCl solution. The efficiency of pectin removal depended on pH and the AC concentration. The relationship between the efficiency of pectin removal and OCl-concentration is shown in Fig. 2B , except the data obtained at pHs above 10.2. It is clear that the efficacy of NaOCl on pectin removal also depended largely on OCl-concentration.
Continuous cleaning system Figure 3 shows the time course of BSA removal 
DISCUSSION
In this study, the action of NaOCl in the cleaning process was evaluated in the pH region where no significant amount of BSA or pectin was removed by the action of OH-alone. The effect of NaOCl on the removal of BSA or pectin was enhanced by an increase in pH, i. e., OH-concentration, and AC concentration. The pH dependence of the efficacy of NaOCl can be explained on the basis of the HOCl-OCl-equilibrium. It was shown that the efficiency (Figs.1 and 2 ) and the rate (Figs.3 to 5 )of the removal of BSA or pectin depended on the OCl-concentration. These findings imply that the presence of OCl-plays an important role in the appearance of the action of NaOCl in the cleaning process.
It was clearly indicated that OCl-was the active species in the removal of BSA (Fig.1B) . Contrary to the expectation, undissociated HOCl exerted little action in the removal of BSA in spite of its high concentrations. The primary function of OCl-in BSA removal is to decompose the BSA molecules into lowmolecular-weight fragments by its oxidative action (Fig.6A) . The Cl atom in HOCl and OCl-behaves as Ck+ , a strong electrophile, and combines with a pair of electrons in parts of the substrate that have high electron densities (Wojtowicz, 1979) . Among the functional groups of amino acid residues on the protein molecule, the C=C double bond, amino groups, and thiol groups are susceptible to the electrophilic attack of Cl+ (Nightingale et al., 2000) . The peptide bond (amide bond)becomes also a target of the Cl+ attack since it has a partial double-bond character. Cysteine and methionine residues react rapidly with HOCl/ OCl-to give oxoacids and cystine(from Cys) (Winterbourn and Brennan, 1997) and suiphoxides (from Met) (Pereira et al. 1973) . BSA is reported to contain 17 disulfide bonds between Cys residues (Foster, 1977) . These disulfide bonds would be broken by the oxidative action of Cl+ derived from HOCl/OCl-. The chlorination reactions of proteins with HOCl/OCl-occur mainly on the free amino groups of amino acid residues, e. g., lysine and tyrosine, to give chloramines under physiological conditions (Clark et al., 1986; Domigan et al., 1995) . Hawkins and Davies(1998 and 1999) have reported that free amino groups of lysine residues, which are present in many proteins at a much higher level than other reactive residues, are converted into unstable chloramines via the reaction with HOCl/OCl-, which were in turn broken down into nitrogen-centered radicals via the homolysis of N-Cl bonds: binding strength of pectin on Al2O3 surfaces was lower than that of BSA. As discussed above, the reactions of OCl-with BSA or pectin molecules are complicated and multiple. It is thought that an increase in OCl-concentration enhanced the rate of the removal of BSA or pectin exponentially, presumably by changing the reaction equilibrium, by accelerating the reaction kinetics, and by increasing the solubility of reaction products. Besides the dissociation of HOCl to OCl-, another role of OH-is to facilitate the mass transfer of OClinto the adsorbed layers of BSA or pectin. Hydroxyl ions give rise to dissociation(deprotonation)of functional groups on BSA, pectin, and Al2O3 surfaces and to make negative charges of their surfaces. The increase in the net negative charge of BSA or pectin leads to the higher degrees of swelling of the molecule and hence an expanded adsorbed layer. This allows easier access for OCl-solution to diffuse into the adsorbed layers and to reach the contact surfaces between BSA or pectin and Al2O3 surfaces, resulting in facilitation of the attack of Cl+ derived from OCl -. BSA has a compact globular conformation due to the intramolecular interactions sustaining its tertiary structure in aqueous solution and forms a closepacked monolayer on Al2O3 particles . An elevated OH-concentration also accelerates the dispersion of decomposed fragments into the aqueous phase by overcoming intramolecular interactions on BSA. On the other hand, low OH-concentrations(pH<6)are not able to disperse the decomposed fragments even though undissociated HOCl or a minor OCl-decomposes the BSA molecule partially. It is true that pretreatment of BSA-fouled Al2O3 particles by low concentrated gaseous ozone (<0.1%, v/v)results in the partial decomposition of BSA, but only small amounts of the decomposed BSA fragments can be removed by the subsequent rinse treatment with 10-3 M KNO3 solution of pH 5.9 . It is reasonable that relatively higher OH-concentrations are required for the expansion of BSA with a high internal stability than the more open-structured pectin.
The results presented here provide useful information concerning the cleaning and sterilizing operations based on the NaOCl solution. The concentration of dissociated OCl-is a key factor determining the cleaning efficiency of the NaOCl solution, especially for proteinaceous soils. This implies that the optimal pH region of the cleaning activity of NaOCl differs from that of its germicidal activity. The results also confirmed the general concept that the combined use of hypochlolites and caustic alkali can provide an adequate cleaning treatment.
